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WIND-TUNNELTEST5OFA FULL-SCALEHELICOPTERROTOR

WITHSYMMETRICALArmWITHCAMBEREDEMDE SECTIONS

AT ADVANCERATIOSFR(&l0.3 TO0.4

By JohnL.McCloudIIIandGeorgeB.McNough

EYUMMARY

Wind-tunneltestsweremadeofa ~f oot-diameter,three-bladed
helicopterrotorforthepurposeof investigatingtheperformancegains
madeavailableby delayingretreatingbladestall.by theuseofblade
sectionswithincreasedmaximumlift. Markedchangesinrotor-torqueand
bladepitching-momentcharacteristicssffordedtwomeamsof defining
stallboundariesoftherotor.

u

*

Comparisonofthesestsdlboundariesshowedthatthebladeswith
camberedsectionsweresuperiortothebladeswithsymmetrical.sections
inthattheliftingcapacityat a givenforwardspeedwasincreasedabout
15percent,orforequallif’ts,forwardspeedcapabilitywasincreased
20 to 25 percent.

Foridenticaloperatingconditionswithinthecapabilitiesof the
rotorwithsymmetrical.blades,therotorwithcamberedbladesrequired
about5 percentmorepower.Mostofthisincreaseprobablywasdueto
anuppersurfaceirregularityonthecsniberedblades.

INTRODUCTION

Theliftingcapacityinforwardflightandthemaximumforwardspeed
ofhelicoptersarelimitedaerodynamicallyby stall-innof theretreating
rotorblades.AnymethodwLichincreasesthemaximumliftsadstslling
angleofthebladesectionscouldbeexpectedto increaserotorperform-
ancecapabilities.An obvioussolutionwouldbe tousecambered,high-
liftairfoilsectionsh therotorblades.Althoughcsmberedsections
havebeenemployedina fewrotors,designershave,ingeneral,used
symmetricalsectionsbecauseof theirfavorablehigh-speedandpitching-
momentcharacteristics.Inanycase,directcomparisonsof theforward
flightcapabilitiesofrotorsemployingsymmetricalandcamberedblade
sectionsarelacking.

To determinewhethertheanticipatedgainswouldbe providedby the
useofcamberedbladesections,testsweremadeintheAmes40-by 80-foot



2 NACATN4367

a

wind tunnel. StaU.boundariesweredeterminedforELh4-foot-diameter,
three-bladedhelicopterrotorwithtwoalternativesetsofgeometrically
similarblades.Onesetofblades,whichservedas thebasisof compari-

.

son,hadsymmetricalsections,andthesecondsethadsectionswitha
moderateamountof camberlocatedwellforwardalongthechord.Here-
after,thesebladesarereferredtoas symmetricalandcamberedblades,
respectively.Methodsfordeterminingstallboundarieswereslso
investigated. .

Thetestsweremadein simulatedforwardflightcorrespondingto
advanceratiosof0.3 to 0.4withtipspeedsof450,520,and596feet
persecondandblade-anglesettingsat thethree-qwterradiusstation
of12°,13°,14°,andl~”.

Measurementsweremadeofrotorforceandmomentcharacteristics.
Bladeflappingandlaggingmotion,andbladepitchingmomentswere
visuallymonitoredandpermanentrecordsweretaken.

Representativedataarepresentedhereinto showhowthestaid.
boundariesweredetermined,andtheseexperimentallydeterminedstall
boundariesoftherotorwiththetwosetsofbladesarecompared.

Positivedirectionsofforcesandmomentsareshowninthefollowing *
sketches.
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Hin-plmedragcoefficient,
p(QR)2fiR2

rolling-moment
L1

Coefficient,
p(QR)2fiRS

liftcoefficient,+
qfiR

Lrotorliftcoefficient,
p(OR)2tiR2

Mpitching-momentcoefficient,
p(QR)2fiRS

Ppowercoefficient,
P(QR)3YIR2

torquecoefficient, Q
p(f@2YCR3

thrustcoefficient, T

P($l@2fiR2

xlongitudinal-forcecoefficient,—
q3c#

latersl-force

advanceratio

averagevslue

Ycoefficient,
L@R)2fiR2

ofadvanceratiofora seriesof shaftangles

force,lbin-planedrag

liftforce,lb

rollingmoment,lb-ft
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pitchingmoment,lb-ft

shaftpower,lb-ft/sec

dynamicpressure,~ PV2,lb/sqft

shafttorque,lb-ft

rotorradius,ft
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thrustforce,lb

airspeed,ft/sec

longitudinal.force,lb

lateralforce,lb

shsftangle,deg(equivalentto controlaxisinclination)

flappingangle,deg(positive uP)

laggingangle,deg(positiveforlag)

blade-sectionpitchangle;anglebetweenlineof zeroliftof
bladesectionandplaneperpendicularta shaftaxismeasured
at the0.75 radiusstation,deg

massdensityofair,slugs/cuft

azimuthofblademeasuredcounter-clockwisefromdownwind
position,deg

angularvelocity,radians/see ‘--

APPARATUS

RotorSupportandDriveSystem

Therotorwassupportedinthewindtunnelby a tripodas shownin
figure1. Thetwolaterallegsandthedrive_sl@twerepivotedabouta
transversesxisbeneaththetunnelfloor.Theextensibleupstreamleg
waspivotedatbothendsandcouldtiltthesidelegsanddriveshaft34°
forwardfromthevertical.bymeansofa motor-drivenJackscrew.With
thedriveshaftvertical,thecenterofthehubwas20feetabovethe

—

—-

d

.
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b

tunnelfloorand2 feetto therightof thecenterofthewind-tunnel
~ssage (theadvancing-bladesideofthecounterclockwiserotor).No

. windshieldsorfairingswereprovidedto shieldtherotorsupportfrom
theairstream.

!I!herotorwasdrivenby a variable-speedelectricmotormounted
rigidlybeneaththetunnelfloor.A bevelgearsetinthespeedreducer
permittedthedriveshafttotiltforwardaboutthessmetransverseaxis
as thatofthelateralsupportlegs.

RotorHub

Thehubwasfullyarticulatedhymeansof offsetflappingandlagging
hinges.Theflappinghingeswereat 0.0174radius(basedon U-feet
dismeter),andthelagginghingesat 0.0526radius.Topermittheblade
pitchangleto change,theouterportionofeachhubarmcouldrotate
aboutitsradislaxis. Thecentrifugaltensileloadofeachbladewas
carriedfromthisrotatingmanberintothelagginghingeby a bundleof
flatsteelstrapswithinthehubarm. Angularchangesofbladepitchin
eitherdirectionfroma neutralposition(80mm= 8.P) wereresisted
by thetorsionalactionofthetensionstrap.Theresistancewaspropor-
tionaltothebladeangleandtothecentrtf’ugaltensileload. Thed orientationof thehingeaxeswasunaffectedbybladepitchangle.The
lagghgmotionwasviscouslydamped.A sketchof thehubis shownin

d figure2.

Theusualhelicoptercol.lective-andcyclic-pitchcontrolswerenot
employed;insteadtherotorwasoperatedwithfixedblade@es, andthe
rotorattitudewaschangedby tiltingtherotordriveshaftandside
supportlegs. Theblade-anglelockinglinksandbracketscanbe seenin
figure3. Eachlinkprovideda turnbuckletypeofadjustmentforsetting
thebladepitchangles.Toaccommodatethelargeflappinganglesrelative
tothedriveshaftassociatedwithtiltdmgshsftoperation,theflapping
downstopsweresettopermit12-1/2°of droop.

RotorBlades

Two sets ofbladeswereused;onesethadsymmetricalairfoil
sections,andtheothersethadcamberedairfoilsectionswiththecamber
positionedwellforwardalongthechordsimilarto theIW2A230seriesof
airfoilsections.Bothsetsofbladeswereof thessmegeneraltypeof
constructionhav~ a hollowsteel.sparwhichformedtheforwardone-
thirdofanNACA0012airfoilsectionof16-1/2-tichchord.Therear

., portionof eachbladewasformedby a seriesof12-inch-widesluminum
boxesbondedto therearofthespar.Thechordwisecontouroftheboxes
completedtheairfoil.sectionandtrailing-edgetab.

.
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Thecamberedbladesclifferedfromthesymmetricalbladesinthatthe
&

cemberwasobtainedby addingwoodfairingstripstotheforwardyortion
of thebasicsymmetricalsection.Theadditionofthewoodfairing b

stripsincreasedthebasicchordofthece.niberedbladesby approxhatel.y
3 percent,buttheover-allchordlengthofthe symmetricalbladeswas
slightlygreaterthanthatofthecsnberedbladesbecauseofa longer
trailing-edgetab. Inthespanwisedirection,thewoodstripsofthe
camberedbladeswerefairedintoanuncemberedtipsectionalongthe
outboardbox. Alsothetrailing-edgetabdidnotextendintothisbox.
Thecsmberedbladesalsocontainedslotsin.theuppersurfacewhich
extendedfromthe2.3-footto the21-footradiusstation.Theseslots
were-coveredby thinmetalstripstapeddfi-withtwolayersof
0.009-inch-thickplastictapewhichproduced..asmellirregularityon the
uppersurface.Sketchesofthebladeplanformandthetwobladesections
aregiveninfigure4. Coordinatesof-thecamberedsectionare
tableI.

givenin

Additionaldimensionsofthetworotorsaregivenbelow:

Rotorwith
symmetrical
sections

Solidity 0.065
Twist,deg
Weightperblade,lb 14
Radialstationof e.g.,in. U6

Rotorwith
cambered
sections

0.064

J
120

INSTRUMWIATION

Thesteadyaerodynamicforcesandmomentsweremeasuredby

~

thesix-
componentwind-tunnelbalemcesystem.Rotorrotational.speedwasfndi.-
catedby an electroniccounterwhichmeasuiedthetimeforonerevolution.
Thecounterwaspulsedby a stationarymagneticallyactuatedswitch
adjacenttoa permanentmagnetattachedto thedriveshaft.

Onearmofthehubwasinstrumentedwithpotentiometersto give
indicationsofthebladeflappingandlaggingmotion. —

Theblade-anglelockinglinkspreviouslymentionedwereprovided
withresistance-typestraingagesto giveindicationsofthemomentabout
thebladepitch~is. Themeasuredmomentincludestheaerodynamicmoment
oftheblade,thecentrifugaltwistingmome-ntoftheblade,andthemoment
exertedby thetensionstrap.Thistotalresultantmomentisreferredto
asthebladepitchingmoment. w—..

Theelectricalcircuitsforthehubinstrumentationwereledthrough
a multiple-channelslip-ringassemblymountedontopofthehub(fig.3), .
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anddownthrougha nonrotatingpipeinsideofthehollowdriveshsft.
TheiudicatiomwerevisuaJJ-ymonitoredduringrotoroperation,andper-
manentrecordsweretakenby a recordingoscillograph.Thesedati,how-
ever,arenotcompleteoralwaysaccuratebecauseof instrument
difficultiesencounteredduringthecourseofthetest.

‘ZESTFROCEWRE

Whenstartingandstoppingtherotorinthe
deemedadvisabletoavoidoperationalregionsin

windtunnel,itwas
whichretreatingblade

stkllcouldbe expectedorwhichcouldimposeoverloadsonthedrive
system. Therotorwasstartedwiththewindoffandtheshaftvertical
andthewindspeedandrotorspeedincreasedtogether.Simultaneously,
theshsf%wastiltedforwardto theangleselectedforthefirstdata
point(ususUyabout-2P to -30°,dependingonthebladepitchangle).
tidividual.testrunsweremadewitha substsutiaUyconstantvd.ueof
advanceratioV/QR withshaftangleas thetestvariable.Datawere
takenat selectedvaluesof shaftamgleas theshaftwasbroughttoward
thevertical(theregionofretreatingbladestall).Afterscmeexperi-
enceitwasfoundthatthebladepitching-momenttraceasviewedonthe
scanningscreenoftheoscillographprovideda goodindicationofblade
stall. Theanticipatedincreasein supportvibrationor inthesound
producedbytherotordidnotprotidea goodindicationof stall.Most
testrunswereterminatedwhentwoorthreedatapointswithintheregion
of stallhadbeenobtained.

Testsoftherotorwithsymmetricalbladesweremadeat tipspeeds
of450,520,and596feetpersecond(195,225,and259rpm,respectively).
Sinceno effectof tipspeedonthemeasuredvaluesoftherotorforceand
momentcoefficientswasobservedwithinthisspeedrange,testsof the
rotorwithcamberedbladesweremadeat a tipspeedof 450feetpersecond
(195rpn)toavoidthe~eaterstressesassociatedtiththeti@ers~eds.

CORRECTIONSTODATA

A fewrunsweremadewtththerotorremovedtodeterminetheforce
andmomentcontributionsoftherotorsupportsadslip-ringassembly.
Thesesu~orttaresincoefficientform,whichdonotincludetheeffect
ofrotordownwashonthesupportsystem,wereremovedfromthegrossdata
obtainedwiththerotoron. As wouldbe expected,thelongitudinalforce
tare(dragoftherotorsupport)wasthelargestinrelativemagnitude.
Forexample,witha shaftangleof -l& anda tunneldynsmicpressureof
X ~ds Persquarefootthesupporttaredragcoefficientbasedonrotor
areawas0.0165,equivalenttoa parasite-dragareaof25.1squarefeet.

.
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No tunnel-wallcorrectionswereappliedto thedatabecauseofthe
uncertaintyoftheirvalidity.Inanycase,thepresenceorabsenceof-
fullcorrectionsshouldnotaffectthevalue_ofthedataforpurposesof

b

comparingtherelativeperformancecapabilitiesof thetworotors.Blade
pitching-momentdatahavenotbeencorrectedfortarechangeswithblade
anglesetting.Thesedataarebelievedtobe correctwithin*200-inch-
pound.

lWSULTSANDDISCWSION
.

A completesetofforceandmomentdatafortherotorwith
symmetricalbladesoperatedatnominal.testconditionsof 450feetper
secondtipspeedand34poundspersqgarefootdynamicpressureis shown
infigure5. Thesedataaretypicalofalltestconditionsfortherotor
witheithersetofbladesinthefollowingrespects:

1. Variationsof CT,CH,Cy,andCLwithas areessentially
linear.

2. As ~ isincreased,Cx increasestoa maximumandthen
decreases.

‘w“–
3. At shaftanglescorrespondingtohighliftcoefficients,there

isa reflexinthe CQ curve. v–

In figure6 areshownvaluesofliftcoefficientCL fromseveral
differentrunsmadewithnominaltipspeedsof 450,520,and596feet

—

persecondplottedagainstadvanceratioV/OR. Itcanbe seenthatthe
effectoftipspeedisnegligible.Thessmewastruefortheother
coefficients.Becauseofthislackoftip-speed“effect,at leastwithin
therangeemployedinthepresentinvestigation,mostofthesubsequent
datawereobtainedfora tipspeedof450f~etpersecondtolessenthe
possibilityof structuraldamageto therotorwhenoperatinginthe
regionofretreatingbladestall.

DeterminationofRetreatingBlade

Althoughstsllingoftheretreatingbladeis
be thelimitingfactorindeterminingthemaximum
helicopter,it isknownthata helicoptercanfly

stall ‘

generallyconcededto
forwardspeedofa
withsomesmountof

stslill.(e.gi,ref.1). Itisprobablethatthesmountof stallwhichcan
be tolerateddependsontheparticularhelicopterunderconsideration.
Ingeneral,then,theso-calledstsllboun~ri.es,suchasthosedescribed 2
inreferences1 and2,donotconstitutean exactlimittomsximumforward .

.
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speed.Forthepurposesof comparingthetworotorsofthisreport,the
stallboundarieswillbe basedonthefirstoccurrenceofretreating

. bladestallas indicatedby thetestdata.

Indicationsofretreatingbladestall.-Infigure5 itcanbe seen
thatthevariationsofforcesandmomentswithshaftauglearereasonably
smoothandcontinuousexceptforthetorquecoefficient,~. Thevaria-
tiO?l Of CQ showsanupturncommencingat a shaftangleof about -20°
correspondingtothehigherliftcoefficients.It canbe deducedthat
thisupturnisan indicationofrotorbladestsllif oneconsidersthe
totalrotortorue tobe thesumofthreecomponents:

?
(1)therotor

profiletorqueduetobladeprofiledrag),(2)therotorinducedtorque
(duetolift),and(3)rotorpropulsivetorque(duetolongitudinalforce).
fitheabsenceofbladestein,theprofiletorquewouldbe expectedtobe
relativelyindependentof shsftsingle,andhencetoplaya minorrolein
determiningtheshapeofthetotaltorquecurve.b addition,forthe
rangeofadvanceratiosunderconsiderationhere,therotorinducedtorque
isa smsll.partofthetotaltorqueand,hence,doesnotcontributemuch
tothevariationofthetotaltorquewithshsftangle.Therefore,the
variationofthetotal.torque(intheabsenceofbladestall)mustbe
determinedlargelyby thevariationof thepropulsivetorque.Thisis
borneoutby thesimilaritybetweenthetotaltorqueandthelongitudinal.
forcecurvesforshaftanglesprecedingtheupturnof thetotaltorque

. curve.Sincethepropulsivetorqueisdiminishingforshaftanglesbeyond
theupturn,theincreaseof totaltorquemustbe theresultofan abrupt
increaseofprofiletorquesuchaswouldbe causedby sttiingofthe

4 retreatingblades.On thebasisof thiscriterion,datapotitsbeyondthe
upturnofthetorquecurvearebelievedtobe ina regionofretreating-
bladestalland,as such,arerepresentedby fiJled-insymbols.In order
todefinetheboundaryof thisregion,dataweretakenat closelyspaced
shaftanglesas stsllwasapproached.Figure7 showsadditionaltorque
variationsfortherotorwithsyuunetricalandwithcamberedblades.

Furtherevidenceof stallisgivenby thebladepitching-moment
tracesshowninfigure8(a).Theuppertwotracescorrespondingto shaft
anglesof -22°and-20°arereasonablysmoothandcontinuous;whereasthe
tracefor-lx isroughandshowsa definitechangeincharacterfor
azimuthstationsin theregionfrom270°to0° (theregioninwhichtuft
studieshaveshownretreatingbladestallto occur;e.g.,ref.1). Data
pointswhichcorrespondto irregularpitching-momenttracessimilartothe
oneshownarerepresentedby flaggedsymbolsto denotestall.Ii2most
cases,theagreementbetweenthetwocriteriafordeterminingstallwas
perfectsothatsymbolsrepresentingstallpointsshowninfigures5
and7 arebothfilledandflagged.As previouslymentioned,thepitching-
momenttraceas viewedon thescanningscreenwasusedas theprincipal
stsJJindicatorduringtunneloperation.Figures8(b)and(c)show
additional.bladepitching-momenttraces.Foreachbladeangle,traces

d correspondto sWt anglesbelievedtobe justaboveandjustbelowblade
stall.

.
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Theblade-motiontraces,examplesofwhichareshowninfigure9,
showonlya progressiveincreaseofthebladeflappingandlaggingmotion
as theshaftanglewasincreasedina positivedirectionintotheregion .
of stall. Whileharmonic
presenceof stall,sucha
warranted.

analysisoftherecordsmightindicatethe
time-consumingprocesswasnotconsidered —

StallBoundary

Byuseofthepreviouslydescribedstallindicators,stallboundaries
weredeterminedforbothsetsofblades.Toacccanplishthis,thelift
coefficientsCL correspondingtothelastpointofunstalledoperation ‘
andto thefirstpointof stalledoperation(unfilledandunflagged,and
filledandflaggedsymbols,respectively)wereplottedversusadvance
ratioV/flRinfigure10. It canbe seenthatthedatafsXlintotwo
fairlywell-definedregionsrepresentingunstalledandstsll.edoperation.
ThebeaddrawnbetweenthesetworegionsiSconsideredtobe thestalJ-
boundaryforthepurposeofthisreport.Thedatapointswereobtained
fortherotorswithblade-anglesettingsO..= of12°,13°,14°,and15°,
buttherewasno systematiceffectofbladeangleonthelocationof the
stallboundarieswithinthisanglerange.

>“
Althoughtheblade-anglesettinghadno significanteffectonthe

rotorliftcoefficientat thestallboundary,thedatapresentedin fig-
ure KL showthattherewasa pronouncedeffectofbladeangleonthe L
longitudinalforcecoefficientfortherangeofbbde an@.esundercon-
sideration.Inthisfigure,cross-plottedvalues of thelongitudinal.
forcecoefficientCx correspondingtorotoroperationat thestall
boundaryareplottedagainstadv~ceratioV/~R. It canbe seenthat
at thestallboundaryjthelongitudinalfor- pro~ucedby eitherrotor
canbe variedovera fairlywiderangeby adjustingthebladeangle. —
Sincea helicopterinlevelflightwitha parasitedragarea f would
requirea va3ueof Cx equalto f/yrR2,itisobviousthen,thatwithin
thelimitsof CX showninfigure11,thestallboundaryofa helicopter
wouldbe independentoffusehgedrag.

—

Thedifferencesintherelationshi~betweenCx and V~R forthe
tworotorsshouldnotbe interpretedasa s~periorityofonerotorover
theotherbecauseatthestallbcnndary,thetworotorswereoperating
at differentvaluesofliftandshaftangle.Forthisreason,a direct
comparisonofthetwopartsofthefigureshouldnotbemade.

Comparisonofthe

Thestallboundariesoffigure10
asfunctionsofrotorliftcoefficient

TwoRotors

havebeentransposedinfigure12
CLR(basedontipspeedinstead

.

-.
*

.
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w
oftunnelvelocity)versusadvanceratio v/QR. Level.flightthenrequires
a constantvalueofthiscoefficient.Thedefinitesuperiorityofthe. rotorwithcsmberedbladesisreadilyapparent.Rotorliftata constant
advanceratio V/flRmaybe increased13 to15 percent,or,at constant
liftandtipspeed,forwardsp&edmaybe increased20 to 25percent.For
a helicopterwhosepayloadisabout35percentofitsgrossweight,the
increasedliftingcapabilitywouldrepresentabouta kO-percentincrease
inpayload.Theincreasedforwardspeedcapabilitywouldbe about30miles
perhourfora rotortipspeedof 596feetpersecond(thedesignvalue
forthepresentrotor).

Itmaybe seenbycomparisonoffigures8(b)and(c)thattheblade
pitchingmomentsforthecsmberedbladeswerescmewhatgreaterthanfor
thebladeswithsymmetricalsections.Thisis dueinpartto thefact
that,fortheconditionsshows,thecamberedbladesareproducinggreater
liftwhichwouldbe reflectedinthebladepitchingmomentbecauseof the
bladeandhubgeometry.~ viewoftheabsenceof definitecriteriafor
bladepitchingmomentsit isimpossibletoassesstheseriousnessofthe
greateryitchingmomentsofthecamberedblades.Furthermore,a detailed
anslysiswouldbe requiredfora _@rticularcontrolsystem.

Althoughthetworotorswereoperatedat thesamenominal.valuesof
tipspeedandtunneldynsmicpressure,correspondingrumsdidnotresult

= inidenticalvaluesofadvanceratio V/OR. Therefore,directcomparison
ofthedatato detectsmalldifferencescannotbemade. To circumvent
thisdiS’ficultysomeofthedatawerecross-plottedat identicalvalues

. of V/SIR.Comparisonsofthetorqueandpro~ulsiveforcecoefficients
ofthetworotorsfora V/.R of 0.36andbladeangle 8..75 of14°are
madeinfigure13. Forthesameliftthelongitudinalforceofthetwo
rotorsisnearlyidentical,buttherotorwithcamberedbladesrequired
about5 percentmorepower.Mostofthispowerincrementprobablywas
duetotheupper-surfaceirregularityonthecamberedblades.The
increasedperformancemadepossibleby thecamberedbladesas shownin
figure10would,of course,requireadditionalpower.

CONCLUDINGREMARXS

A U-footdiameter,three-bladedhelicopterrotorprotidedwithtwo
alternativesetsofbladeshavingsymmetricalandcamberedsections&s
beentivestigatedfora rangeofadvanceratiosfrom0.3to 0.4,to deter-
minethe-effectof camberonretreatingbladestell.

.

Itwasfoundthatbothrotortorqueendbladepitching-moment
characteristicsprovidedreadilydiscernibleindicationsofbhde stsJ1.
Byuseofthesecriteria,stsllboundariesweredeterminedandusedtor comparethemaximumforwardflightcapabilitiesoftherotorwitheither
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setofblades.Onthisbasis,therotorwith.camberedbladesshoweda
definitesuperiorityovertherotorwithsymmetricalbladesinthat:

1. Theliftingcapabilityata givenadvanceratiowasfrcxn13
to15percentgreater.

2. Theforwardspeedcapabilityfora givenliftwas20to
25percentgreater.

Thepowerrequiredby the
5 percentgreaterat identical
powerrequirementprobablywas
ofthecamberedblades. “J

AmesAeronauticalLaboratory
NationalAdvisoryCommittee

MoffettField,Ce.lif.,

rotorwithcamberedbladeswasabout
operatingconditions.Mostofthisgreater
duetoan irregularityontheuppersurface

—

forAeronautics
JULY25, 1958
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TABLEr..- COORDINATESOFTKECAMBEREDBIADESECTION

[Stationsandordinatesgiveninpercent
ofmodifiedairfoilchord]

station

o
1.25
2.5

;:;
10
15
20
25

E

z
g

z
100

Uppersuxface

o
2.35
3.30
4.67
5.60
6.22
7.W
7.38
7.57
7*57
7.21
6.46
5.55
4.41
3.13
1.71.

.93

.13

Lawersurface

-!.64
-2.17
-2.69
-2.98
-3.Z?2
-3. %
-3.75
-3.93
-4.04
-4.17
-3.96
-3.49
-2.87
-Q.U
-I .18
-.67
-.13

L.E.radius:1.35-percen%airfoilchordI
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Figure2.-Sketchof rotorhub.
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Figure3.-Photographof rotorhub.
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(a) Blade plan form

~“:’~

—- ..~de Piich-atis.— ________
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(b) Profile of symmetrical section
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I ~Wood firing strips I

I
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(c) Profile of cambered section

All dimensions in inches

Fi~e 4.-Sketchof’bladeplanformand sections.

* <’

I



mm TN436?

.

9

.

.10

.08

.06

IH1.led-ti symbols denote stall
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